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Theoretical considerations for paramagnetic enhancement of perfluorocarbons
If a metal chelate is dissolved in a liquid fluorocarbon, the distance of closest approach (rmin) of 19 F nuclei to the metal ion can be approximated by the summation of the van der Waals radius of a fluorine atom (rVDW = 0.147 nm) and Wigner-Seitz radius (rWS) of the chelate, given by rWS = (3M/4πdNA) 1/3 , where M is molecular weight of the chelate, d is density, and NA is Avogadro's number. Assuming M ≥ 500 g/mol, and d ≥ 1.5 g/cm 3 , rmin can be estimated to be >0.65 nm. The distance of greatest separation is determined by the concentration of metals in the fluorous phase, where 50 mmol/L (mM) corresponds to 1 atom per sphere of radius 2.0 nm. 
where μ0 is vacuum magnetic permeability, γe and γF are gyromagnetic ratios of electrons (176.1 GHz•rad/T) and 19 F (0.2517 GHz•rad/T), respectively, g is the electronic spin g-factor, μB is the Bohr magneton, S is the spin of paramagnetic species M n+ , r is distance between M and F, where Δ is the amplitude of zero-field splitting fluctuations, τv is their correlation time. The term Xi (i = 1, 2) denotes all other contributions to relaxation rates Ri, such as susceptibility 3 and Curie 4 effects, both of which have almost no effect on R1 but a significant, field-dependent effect on R2. Neglecting
Xi, equations (S1-S4) provide estimates of R1 and lower limits on R2.
The moderately-high molecular weight (500-2000 Da) and viscosity 5, 6 of fluorocarbon oils
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used for 19 F MRI put a lower limit of ~0.1 ns on the correlation time τF. Analysis of equations S1-S4 reveal that R1 experiences the most significant enhancement at electronic relaxation times approaching .
Studies on electronic and nuclear relaxation in aqueous solutions of various complexes of manganese 8 and gadolinium 9, 10 showed that T1e of these ions could exceed 100 ns at moderate to high magnetic field strengths (B0 > 1 T To highlight the critical effect of viscosity on relaxation rates, we measured PRE caused by different metal ions in non-viscous organic solutions containing trifluorotoluene (PhCF3) and iron or gadolinium chelates of dipivaloylmethane, Fe(dpm)3 and Gd(dpm)3. Under these conditions, gadolinium provided higher R1 than iron, as expected from the greater spin of Gd 3+ . Temperature increases (decrease in τF) resulted in a reduction of both R1 and R2 (Fig. S2 ), consistent with the system being in "fast-motion" regime (1/τF >> γFB0). In contrast, the divergent temperature dependence of R1
and R2 in FETRIS nanoemulsion ( Fig. 3d ) is indicative of slow molecular motion in the fluorous phase.
Relaxation rates depend on multiple interdependent parameters. Accurate determination of these parameters requires the measurement of relaxation rates over a wider range of conditions, more than presented here. Thus, the parameters obtained from curve-fitting to variable field and variable temperature data in Figs. 3c-d should be treated as only approximations. Nonetheless, they serve well to explain the trends observed, and form a basis for future investigations. for the eye. While monomeric Fe(dpm)3 was highly soluble in PhCF3 alone, polymeric Gd(dpm)3 dissolved only in the presence of Lewis basic solvent acetone-d6. Both relaxation agents displayed decreasing relaxation rates R1 and R2 upon increase in temperature (decrease in τF), as expected from solutions in the "fast motion" regime (1/τF >> γFB0) and in contrast to PFC emulsions described here
(1/τF ≈ γFB0). In the fast motion regime, electronic relaxation rates do not have an effect on nuclear relaxation rates. The observed ratio between R1(Gd) and R1(Fe) was 1.72-1.77, consistent with the expected 1.8-fold difference due to the S(S+1) term in Eq. S1, curtailed by a slight increase in the distance of minimal approach due to the larger size of Gd. 
Simulation of
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Numerical simulation can be used to predict the approximate 19 F MRI sensitivity gain from PRE of perfluorocarbon imaging agents. We assume a conventional spoiled gradient-echo (GRE) imaging sequence. 13 The signal detected after each excitation is given by
where n = TR/T1, and we assume that n < 1, T2 ≈ T2*, and Ernst angle (α) excitation for each agent given by α = cos -1 (e -n ). The sensitivity gain realized by the reduced T1 of FETRIS can be expressed
were 'diamagnetic' denotes metal-free perfluorocarbon. Simulation results are displayed in Fig. S12 , which use Eqs. S5-S6 and the relaxation rate curves in Fig. 3c , where values at 3 T were estimated by interpolation. Overall, the potential sensitivity gains are at least factors of eight and four at 3 T and 11.7 T, respectively. Sensitivity gains improve as TE→0. Cell detectability scales linearly with sensitivity gains. nucleophilic attack by the p-methoxy substiuent, it is not very prone to base-promoted selfcondensation. However, self-condensation proceeds to a significant extent when other ketones are used, including hindered pinacolone (tert-butyl methyl ketone). The phase separation of metal diketonates can be prevented by using lithium or sodium alkoxide or hydride bases.
S14
Supplementary Methods
Synthesis of pAn-FDK ligand
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Quantitative 19 F NMR NMR spectra were acquired using calibrated 90° pulses, 32,000 complex points, spectral window -20
to -120 ppm, relaxation delay 2.5 s, and 128 averages. Spectra were processed in MNova with exponential line broadening (5 Hz), manual phase correction, and Whittaker smoother baseline correction (filter = 1 ppm). Integral regions were 7 ppm for PFPE (-91 ppm) and 2 ppm for the reference and terminal groups (CF2 in FDK and PFPE-DEA, CF3 in PFOB). Incomplete relaxation of the reference, as R1 TFA = 0.32 s -1 at 11.7 T, was accounted for using a correction factor of [(1-e (-TR×R1   TFA ) /(1-e (-TR×R1 PFPE ) ]. 15 With very low amounts of paramagnetic analytes, up to 20,000 scans with a relaxation delay of 0 (2,000 complex points, TR=78 ms, 26 min total time) were acquired, and the relaxation correction was determined empirically using a more concentrated sample with matching R1. Occasionally, heterogeneous samples such as cell lysates with high FETRIS loadings presented very broad signals with severely distorted baseline. Quantitative analysis of these samples was performed after treatment with 25 μL of 10 M NaOH, which decomposed the ligand but not the backbone of PFPE, yielding colorless solutions that stayed homogenous for several hours.
